This study was undertaken to ascertain the effect of cumulative (repeated) sublethal doses of ultraviolet radiation (2537 A) upon the production of urease by Proteus vulgaris and Proteus mirabilis. No report of such a study appears in the literature.
G. H. BORNSIDE, R. C. CLEVERDON, AND W. L. KULP 16-minute exposures; and those which survived 32-minute exposure, to repeated 32-minute exposures. This was done to obtain cultures of substrains subjected to varied total cumulative doses of radiation. By repeating the irradiation process 16 times, each parent strain of Proteus yielded 48 substrains.
Photoreactivation was minimized in this work since the irradiated plates were immediately collected in a closed desk drawer, and exposure of any plate to light when transferred to the incubator was intermittent and shorter than the time required for light-induced recovery (Kelner, 1950) . Colony counts of viable cells in the seeding inoculum compared with counts of surviving cells (colony count after exposure) indicated that the proportion of surviving organisms was of the order of 0.3 to 26 X 10-6. Identical control plates were exposed with the pyrex cover in position. Uninoculated, uncovered control plates were exposed 32 minutes to radiation and then seeded with the standard amount of culture. There was no visible difference in the amount of growth on either type of control plate. The possibility that photochemical effects of ultraviolet radiation in the medium (Wyss et al., 1948; Loofbourow, 1948) exerted a major influence on growth was considered to be slight.
Measurement of urease. A microdiffusion method was used to determine ammonia nitrogen (Conway, 1940; Conway and O'Malley, 1942) . Cellular suspensions were prepared of "parent" strains and of the "substrains" obtained from the radiation experiments. Growth from 18 hour agar slant cultures was suspended in saline, centrifuged, and resuspended in 9 ml of saline. Suspensions were not washed further inasmuch as Sizer (1941) observed that repeated rewashing yielded suspensions with unusually low urease activity. Three 0.1 ml aliquots of each suspension were used as controls (endogenous NH3 production), and three 0.1 ml aliquots were used to estimate the amount of ammonia nitrogen produced. All determinations were made within three hours after preparing the suspensions. The remaining cells in suspension were killed by treatment with trichloracetic acid (final concentration 3.5 per cent) for three hours, then centrifuged, resuspended to the previous volume in sterile saline, and stored in screwcap vials at 4 C for subsequent determination of bacterial nitrogen. The activity of urease was defined as mg of ammonia nitrogen produced in 30 utes at 30 C per mg bacterial nitrogen.
A three per cent solution of urea was used as the substrate. The solution was buffered with 6.8 per cent Na2HPO4 and 2.8 per cent KH2PO4, and was sterilized by passage through a Seitz filter. In the outer chamber of the Conway unit were added 0.1 ml of the suspension of viable cells and 1 ml of urea-phosphate solution (pH 7.0). The unit was placed in an incubator (30 i 1 C) in a slightly tilted position for 30 minutes, after which was added to the center chamber of the unit 1.2 ml of boric acid indicator reagent (0.5 per cent boric acid, 0.033 per cent bromocresol purple, and 0.066 per cent methyl red, in 20 per cent alcohol). Immediately, 1 ml of saturated aqueous K2C03 was added to the outer chamber to stop enzymic action and to liberate ammonia, and the glass cover-was sealed in position with vaspar. At the end of 3 -hours at room temperature, the boric acid indicator reagent was titrated with N/200 HCl using a microburette, and the 1ULTRAVIOLET RADIATION ON PRODUCTION OF UREASE amount of liberated ammonia calculated. Control aliquots were identically treated except that the reaction was stopped immediately to prevent action of urease, and to serve as control of diffusible ammonia in reagents and suspensions. Control and test analyses were performed in triplicate.
Initial studies (Bornside, 1950) indicated that the rate of urea hydrolysis by both parent and irradiated substrains, when determined by the foregoing method, was linear when plotted as a function of time (15 to 60 minutes). The subsequent studies here reported were conducted using cultures which had been repeatedly transferred. The absence of essential differences indicates that the phenomena here reported appear to be hereditary.
To calculate the activity of urease, bacterial nitrogen was determined by the modified micro-Kjeldahl method described by Kabat and Mayer (1948) , using the apparatus of Markham (1942) . Three 1.0 ml aliquots of nonviable cellular suspensions were analyzed. Triplicate blank analyses were performed during a series of deternminations.
RESULTS
Influence of radiation on urease. The data in table 1 show the activity of urease of parent and substrains of P. vulgaris, strain no. 9920, expressed as a function of the total cumulative radiation to which survivors were subjected. The substrain obtained upon total exposure of 7,680 ,uw-min per cm2 (4 repeated 8-minute exposures) showed markedly depressed activity of urease, and the substrain surviving 11,520 yw-min per cm2 (6 repeated 8-minute exposures) exhibited activity 87 per cent of that of the parent unirradiated strain. The substrains surviving repeated 16-minute exposures showed first markedly depressed activity, and upon increased exposure showed activity 70 per cent, and finally 77 per cent, of that of the parent strain. The substrains surviving larger initial and repeated doses (32-minute exposures) exhibited a marked depression upon first exposure, followed by gradual continued depression, and then an increase in activity up to about one-third that of the parent strain after 7 repeated 32-minute exposures. Thus with the substrains surviving large doses of radiation (32-minute exposures), enhancement of the activity of urease was not observed. Urease activity = mg NHs-N/mg bact-N. Stuart, van Stratum, and Rustigian (1945) . The substrain of P. vulgaris, no. 9920, which survived one exposure to radiation for 16 minutes lost the ability to produce observable amounts of gas in sucrose and maltose, and upon exposure for a second 16 minute period lost the ability to produce gas from glucose and also qualitatively discernible amounts of H2S.
Fifty-five per cent of all substrains of both Proteus species failed to liquefy gelatin in five days. Indole production (P. vulgaris), inability to ferment lactose and mannitol, reaction to the gram stain, and motility were unaffected. Reexamination after six months' storage revealed that the deficiencies persisted, indicating that radiation induced variation of an enduring nature. ,uw-min per cm2. Survivors of the fourth parent strain showed no enhancement although partial "recovery" of urease activity was noted.
